S1. Computational details
Electronic structure calculations were performed with the Gaussian 09 package, revision C01. 1 For density functional theory (DFT) calculations we used calibrated (see the next section for details) B1LYP functional 2 with 6-31G(d) basis set by
Pople and co-workers. 3 Solvent effects were included using the implicit integral equation formalism polarizable continuum model (IEF-PCM) 4 with dichloromethane solvent parameters (ε = 8.93). In all DFT calculations, ultrafine Lebedev's grid was used with 99 radial shells per atom and 590 angular points in each shell For cation radicals R PPn +• , wavefunction stability tests 5 was performed to ensure absence of solutions with lower energy. The values of <S 2 > operator after spin annihilation were confirmed to be close to the expectation value of 0.75. Unpaired spin density plots were rendered using isovalue of 0.001 a.u. Atomic charges were calculated using Natural Population Analysis approach, 6 a part of the Natural Bond Orbital analysis. 7 Energies of vertical electronic excitations and hole distribution in the first excited state of R PPn +• were computed using the time-dependent density functional theory (TD-DFT) method. 8 The one-particle density 9 was used to represent spatial distribution of the hole in first excited state. Tight cutoffs on forces and atomic displacement were used to determine convergence in geometry optimization procedure. Harmonic vibrational frequency calculations were performed for the optimized structures to confirm absence of imaginary frequencies. Free energies were computed within harmonic oscillator approximation for T = 298.15 K and P = 1 atm. In modeling the redox properties of the extended R PP n / R PPn +• series (n = 2-10)
only the electronic part of the oxidation free energies, ∆E el , have been used due to the emergence of highly anharmonic polymer-like vibrational modes in higher homologues (n > 6) that cannot be properly treated within the harmonic approximation used in our calculations (see Figure S9 and details in Section 3 below). Although the electronic energies of oxidation should not be directly compared with the experimental oxidation potentials, they allow study of the evolution of the electronic effects related to the hole stabilization across the entire R PPn +• series. In the DFT calculations, we used iso-propyl as a truncated model of the 6-tetradecyl (iA) end-capping substituent, and methoxy group as a truncated model of the 9-heptadecyloxy (RO) end-capping substituent.
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S2. Calibration of Computational Approach for
iA PPn/
iA
PP n +• Series
Delocalized π-conjugated cation radicals (CRs) such as R PPn +• are challenging for many standard DFT methods due to the self-interaction error (SIE) problem 10 that causes artificial delocalization of the positive charge/hole. 11 This erroneous delocalization leads to increasingly underestimated oxidation potential for the longer chains and an incorrect nature of the first excited state of the CRs. The SIE can be reduced by using hybrid DFT methods that add a portion of the exact HartreeFock (HF) exchange term into the exchange functional. 12 However, the contribution of HF exchange in most of the widely used hybrid functionals, %HF < 30, is not sufficient for correct description of delocalized mixed-valence charged compounds; on the other hand, hybrid DFT functionals with %HF > 50 (global or long-range) often lead to over-localization of the charge/hole. 13 This necessitated fine-tuning of %HF for this class of delocalized CRs based on the available experimental data. Thus, we have calibrated 10b a simple one-parameter density functional B1LYP 2 with respect to %HF against the experimental redox potentials and the lowest-energy optical transition energies in the iA PP n / iA PPn +• series. 14 The resulting calibrated B1LYP functional with 40% of HF exchange (B1LYP-40) provides the best agreement with the experiment ( Figure S1 ) when compared with several commonly used standard DFT functionals (CAM-B3LYP, M06-2X, 
ωB97X-D, Figures S2-S8
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electronic absorption spectra of iA PP n and iA PPn +• , n = 2-7. 14 As none of these measured properties can be reproduced directly due to the presence of constant offsets that cannot be easily evaluated, we instead focused on finding a DFT functional that correctly reproduces the evolution of these properties in the iA PP n series as function of n so that the slope between experimental and calculated values is close to unity.
S2.1. Oxidation potentials
We first investigated the performance of standard DFT methods, grouped by the form of their exchange-correlation functionals ( Figure S2 , Figure   S2A demonstrates that the slope gradually increases with the increasing %HF. Notably, correlation also becomes worse when %HF is increased beyond 50%. Interestingly, the CAM-B3LYP functional produces smaller error slope than BHLYP, thus demonstrating that the value of the slope in range-separated functionals mostly depends on the long-range %HF component, while being much less sensitive to the short-range %HF component. E ox , eV While most of the standard DFT functionals tested yielded non-unity slope, two functionals-B3LYP (20 %HF) and BHLYP (50 %HF)-gave the smallest deviation of the slope from unity. Because the slope obtained with B3LYP is slightly larger than 1.0, while the slope obtained with BHLYP is slightly lower than 1.0 ( Figure S2A ), the best correlation with the experimental data could be expected when using an exchange-correlation functional with %HF in the range from 20% to
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50%. Thus, we tested the performance of a one-parameter B1LYP functional where we systematically varied %HF from 20%
to 50% with a step size of 5%; further on, we refer to the resulting versions as B1LYP-20, B1LYP-25, etc. Comparison of the free energies of oxidation of iA PP n with the corresponding oxidation potentials showed that the B1LYP-40 functional produces the slope closest to unity ( Figure S3 , Table S2 ). Figure S4 , Table S3 ). None-/low-HF functionals (viz. BLYP, B3LYP) result in a concaved-down trend curve, whereas the ωB97X-D functional, which has 100%-HF long-range term, results in a concaved-up trend curve. At the same time, DFT methods with %HF ~ 50-60 (in particular, CAM-B3LYP, M06-2X, and, slightly worse, BHLYP) provide the straight trend line with R 2 close to unity, and with the slope also close to unity. Then, we explored role of %HF using series of the B1LYP-XX functionals in the same manner as it was done in the previous section. In accord with the results obtained for the standard DFT methods, the slope of the trend line gradually decreases from B1LYP-20 to B1LYP-50, with the slope closest to unity in the latter case ( Figure S5 , Table S4 ). Although we focused discussion on the R PPn +• rather than on their uncharged counterparts, the latter can provide additional data for benchmarking and tuning the DFT functional. Here, we employ this information by comparing ability of the DFT methods to reproduce experimental λ max corresponding the lowest-energy electronic transition.
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Comparison of the calculated lowest-energy electronic transition energies in iA PP n with the wavenumbers corresponding to the experimental absorption maxima also shows a strong dependence of the performance of DFT method on the admixture of the HF-like term in the exchange functional ( Figure S6 , Table S5 ). Low-/none-HF functionals (viz. BLYP, B3LYP) result in a trend line slope larger than unity, indicating that they systematically overstabilize the excited state with respect to increasing number of p-phenylene units. In opposite, the slope of the trend line is less then unity for the high-HF DFT Then, we explored role of %HF using series of the B1LYP-XX functionals in the same manner as it was done in the previous sections. In accord with the results obtained for the standard DFT methods, the slope of the trend line gradually decreases from B1LYP-20 to B1LYP-50, with the slope closest to unity in the latter case ( Figure S7 , Table S6 ). 
S2.4. Conclusions from the benchmarking studies
In total, we found that pure or low-%HF density functionals tend to overestimate stabilization of the We found that neutral R PP n are more stable by ~0.1 kcal/mol in the alternant conformation, where all the next nearest neighbors are eclipsed (Table S9) . At the same time, R PPn +• are more stable by up to ~0.3 kcal/mol in the helical conformation.
In the main text, we present data for the most stable conformer in each case; however, this choice does not significantly affect results, as alternant and helical R PP n , either in neutral or cation radicals form, show very similar properties ( Figure   S10 ). The unpaired spin distribution in alternant and helical conformers of R PPn +• is also nearly identical ( Figure S11 ). 
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Figure S14. The MALDI mass-spectra of various RO PP n oligomers recorded in 9-nitroanthracene matrix. The spectra were truncated to remove peaks due to matrix for clarity.
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Figure S15. Cyclic voltammograms of 0.1 mM RO PP n in CH 2 Cl 2 containing 0.1 M tetra-n-butylammonium hexafluorophosphate (n-Bu 4 NPF 6 ) as the supporting electrolyte at a scan rate 200 mV/sec at 22º C. Table S10 . Oxidation potentials of RO PP n and optical properties of the corresponding cation radicals
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The observed evolution of the experimental E ox values of RO PP n (Table S10 and Figure 3A in the main text) show an excellent agreement with computational predictions ( Figure 1A in the main text) and reveal drastic differences from the previously reported E ox values for the iA PP n series. Indeed, addition of each p-phenylene unit leads to a linear increase vs 1/n of the oxidation potential in RO PP n . Clearly, this finding suggests that a substitution of the iso-alkyl end-capping group by the iso-alkoxy group causes significant changes in the electronic structure of RO PPn +• .
The electrochemical reversibility and relatively low oxidation potentials of RO PP n allowed synthesizing the (Eq. S2)
S6.2. Quinoidal distortion of the p-phenylene units
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Planarization of substituted oligo--p--phenylene units
where λ is the reorganization energy, which corresponds to the vertical energy gap between the two diabatic states either at x = 0 or 1 ( Figure S25 ). The two adiabatic states Ψ 1 and Ψ 2 arise from the two diabatic states ψ a and ψ b mixed as:
(Eq. S3a)
or, in matrix notation:
(Eq. S3b) , (Eq. S5a)
.
(Eq. S5b)
The resulting ground-state energy is lowered relative to the original diabatic states, whereas the excited-state energy is increased:
(Eq. S6) which gives the energy curves for these states in terms of the parabolic diabatic states and the charge-transfer coordinate
(Eq. S7)
The distribution of the hole across the two units in the ground, Q 1 , and excited, Q 2 , adiabatic states can then be evaluated as squares of the coefficients c ij (Equation S8), each representing weight of the pure diabatic state ψ i in the mixed adiabatic state Ψ j , and visualized with bar plots ( Figure S25 ).
(Eq. S8)
Importantly, adiabatic states Ψ j are orthonormal, i.e. sum of for each adiabatic state is equal to one, so the hole is normalized.
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Depending on the coupling strength H ab between the diabatic states, three regimes of the hole localization are possible, as shown in Figure S25 . 24b In the case of very weak coupling (|H ab |/λ ≈ 0) the resulting adiabatic states are almost identical to the original diabatic states:
(Eq. S9)
The hole position, determined by a minimum on the ground state energy curve, is in this case on a single unit, at x ≈ 0 or 1. The energy required to transfer the hole to another unit ∆G ≠ is then approximately equal to λ/4, and the vertical excitation energy ∆G 1à2 is equal to λ ( Figure S25 ).
On the other hand, if the coupling is very strong (|H ab |/λ ≥ 0.5), it gives rise to single-well adiabatic ground and excited states, where the hole is equally shared between the two units, with the energy minimum at x = 0.5 ( Figure S25B) . The ground state then becomes an equal mixture of the two diabatic states:
(Eq. S10)
In this case, the vertical excitation energy equals to twice the coupling element, ∆G 1à2 =2|H ab |. Figure S29. Left column: adiabatic ground state curves for the RO PPn +• models, n = 3-6 (black lines); delocalization component of the adiabatic curves (blue lines), and the effect of terminal units on the adiabatic curves (red lines). Right column: Derivatives of the aforementioned curves with respect to the reaction coordinate x, which can be interpreted as forces acting on the hole. Dominant components of the total force are shown in solid (blue or red) lines, while lesser contributors are depicted by dashed line. H ab /λ = 9, ∆ε/λ = 8.5. between vibronic peaks, ~1300 cm -1 (which is similar to that in the emission spectra of iA PPn and absorption spectra of iA PPn +• ), 14, 26 suggests that the band corresponds to the backbone C-C bond vibrations. Open circles denote absorption maxima of CRs in which the hole is presumably distributed near an end of the chain. 
